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SURYLGLQJWKHFUDFNGULYLQJIRUFHDUH
XVXDOO\ DSSUR[LPDWHG $OWKRXJK FORVHGIRUP VROXWLRQV FDQ EH REWDLQHG WKH UHVXOWV DUH DIIHFWHG E\ VRPH QRWFK
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RIWKHFUDFNGULYLQJIRUFHRYHUVXFKDOHQJWKLVKLJKHUWKDQWKHHQHUJ\QHFHVVDU\WRFUHDWHWKHQHZIUDFWXUHVXUIDFHV
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cDQGKIcEHLQJWKH6,)VUHODWHGWRDFUDFNRIOHQJWKc VWHPPLQJIURPWKHQRWFKURRW)LJEDQGWKHIUDFWXUH
WRXJKQHVVUHVSHFWLYHO\$V\VWHPRIWZRHTXDWLRQVLQWZRXQNQRZQVLVWKXVREWDLQHGZLWKWKHXQNQRZQVEHLQJWKH
FULWLFDOFUDFNDGYDQFHPHQWDQGWKHIDLOXUHORDGLPSOLFLWO\HPEHGGHGLQWKHVWUHVVILHOGDQG6,)IXQFWLRQV1RWHWKDW
WKHK\SRWKHVLVRISRVLWLYHJHRPHWULHVPRQRWRQLFLQFUHDVLQJKIcIXQFWLRQVKDVEHHQLPSOLFLWO\DVVXPHGLQ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2.1 Stress field 
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2.2  SIF function 
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VDLGEHIRUHWKHSDUDPHWHUmZDVILWWHGWRLPSURYHWKHSUHGLFWLRQVREWDLQHGE\FDUU\LQJRXWDQad hocILQLWHHOHPHQW
DQDO\VLV>@(TIXOILOVWKHDV\PSWRWLFOLPLWVRIYHU\VKRUWDQGYHU\ORQJEXWVWLOOVPDOOLQUHVSHFWWRWKHQRWFK
GHSWKFUDFNVSURYLGLQJHUURUVEHORZRYHUWKHUDQJHZ
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))0LPSOHPHQWDWLRQ

6XSSRVLQJWKDWIDLOXUHWDNHVSODFHZKHQWKHJHQHUDOL]HG6,) VIK UHDFKHVLWVFULWLFDOFRQGLWLRQV
V
IcK
U DVH[SHFWHG
IRU EULWWOH VWUXFWXUDO EHKDYLRXU ))0 FDQ EH LPSOHPHQWHG E\ LQVHUWLQJ (TV  DQG  LQWR V\VWHP  DQG
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LQWHJUDWLQJ 1RWH WKDW VIcK
U UHSUHVHQWV WKH DSSDUHQW JHQHUDOL]HG IUDFWXUH WRXJKQHVV LH WKH JHQHUDOL]HG IUDFWXUH
WRXJKQHVVPHDVXUHGDVLIWKH9QRWFKZDVVKDUSLWGHSHQGVRQWKHURRWUDGLXVZKHUHDVWKHJHQHUDOL]HG6,) VIK
GRHVQRWVLQFHLWUHIHUVWRDVKDUS9QRWFK$QDO\WLFDOPDQLSXODWLRQV\LHOG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7KLVYDOXHPXVWWKHQEH
LQVHUWHGLQWRWKHIRUPHUHTXDWLRQWRREWDLQWKHDSSDUHQWJHQHUDOL]HGIUDFWXUHWRXJKQHVV VIcK
U 
))0UHVXOWVDUHSUHVHQWHGLQ)LJDVFRPSDUHGWRWKHVKDUS9QRWFKFDVHDFFRUGLQJWRZKLFK

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
)LJ))0GLPHQVLRQOHVVSORWRIWKHDSSDUHQWJHQHUDOL]HGIUDFWXUHWRXJKQHVVYVQRWFKURRWUDGLXV

3.1. Comparison with experimental data 
/HWXVQRZFRPSDUH))0SUHGLFWLRQVZLWKH[SHULPHQWDOGDWDDYDLODEOHLQWKHOLWHUDWXUH
7KHILUVWO\FRQVLGHUHGGDWDVHWUHIHUVWRWKUHHSRLQWEHQGLQJWHVWVRQVLQJOHHGJH8QRWFKHGVSHFLPHQVPDGHRI
DOXPLQD>@7KHPDWHULDOSURSHUWLHVDUH  03D P DQG  03DIc uK V  FRUUHVSRQGLQJWRlFKaPP
))0SUHGLFWLRQV LQ WHUPVRI WKH DSSDUHQW IUDFWXUH WRXJKQHVV U VIc IcK K
U  DUHSORWWHG LQ)LJ  VKRZLQJDYHU\
JRRG PDWFKLQJ 7KH FDOLEUDWLRQ RI WKH SDUDPHWHU m LQ (T  DOORZV WR JHW D PRUH IODW EHKDYLRXU LQ WKH
QHLJKERXUKRRGRIU ZLWKUHVSHFWWRWKH))0DSSURDFKSXWIRUZDUGLQ>@
7KHVHFRQGGDWDVHWLVUHODWHGWR&KDUS\9QRWFKVSHFLPHQVIDEULFDWHGZLWKDVTXHQFKHG$,6,VWHHOWKH\
ZHUHKHDWWUHDWHGE\D&&VWHSTXHQFKLQJSURFHGXUHDQGWHVWHGXQGHUWKUHHSRLQWEHQGLQJ$OWKRXJKWKH
9QRWFKDQJOHUHODWHGWR&KDUS\VDPSOHVLVLWZDVFRQVLGHUHGDVDFUDFNZ ERWKLQ>@DQGLQ>@
7KH PHDVXUHG $,6,  VWHHO SURSHUWLHV ZHUH  03D P DQG  03DIc uK V  LQ >@ UHVXOWLQJ LQ
lchaPPDQG  03D P DQG  03DIc uK V  LQ>@FRUUHVSRQGLQJWRlchaPPUHVSHFWLYHO\
7KHPDWHULDO LV RI FRXUVH OHVV EULWWOH WKDQ FRPPRQFHUDPLFPDWHULDOV XVXDOO\ WHVWHG WR LQYHVWLJDWHEOXQW9QRWFK
EULWWOHIUDFWXUH,QGHHGLWKDVEHHQVKRZQWKDWVRPHFULWHULDEDVHGRQDFULWLFDOGLVWDQFHZRUNUDWKHUZHOOHYHQIRU
GXFWLOH PHWDOOLF PDWHULDOV ZKHQ WKH ILQDO UXSWXUH LV SUHFHGHG E\ ODUJHVFDOH SODVWLF GHIRUPDWLRQV >@ ))0
WKHRUHWLFDOSUHGLFWLRQVDQGH[SHULPHQWDOGDWDDUHGHSLFWHGLQ)LJSUHGLFWLRQVDUHUHDVRQDEOHH[FHSWIRUWKHODUJHVW
URRW UDGLL  U  PP ZKHUH WKH SHUFHQW GHYLDWLRQ JURZV XS WR QHDUO\  IRUU   PP >@ %HLQJ
SRVVLEOH WRH[FOXGHDFKDQJHLQ WKHIUDFWXUHPHFKDQLVPWRDPRUHGXFWLOHRQH>@ LWKDV WREHFRQFOXGHGWKDW LQ
WKHVHFDVHV WKH UDGLXV LVQRWQHJOLJLEOHZLWK UHVSHFW WR WKHQRWFKGHSWK a  PPKLJKHURUGHU WHUPVVKRXOGEH
WDNHQLQWRDFFRXQWLQWKHDV\PSWRWLFH[SDQVLRQVDQG
/DVWO\WRIDFHFDVHVZKHUHZ!WKHURXQGHGWLSVHPLFLUFXODUEHQGVSHFLPHQVWHVWHGLQ>@ZHUHFRQVLGHUHG
7KHPDWHULDOZDV300$ZLWKWKHIROORZLQJPHDVXUHGSURSHUWLHV  03D P  03DIc uK V  ,QGHHGDV
REVHUYHGLQ>@WKHYDOXHRIıuWREHXVHGLVQRWWKHWHQVLOHVWUHQJWKREWDLQHGE\WHVWLQJSODLQVSHFLPHQVVLQFHWKLV
ODVWTXDQWLW\FDQEHVWURQJO\DIIHFWHGE\WKHSUHVHQFHRIPLFURFUDFNVGHIHFWVRUFUD]LQJSKHQRPHQD$VDPDWWHURI
IDFWıu KDVWREHILWWHGDQGPD\EHHTXDOWRHYHQWZLFHWKHRQHUHODWHGWRSODLQVSHFLPHQV,QWKHSUHVHQWZRUNZH
DVVXPH 03DuV  WKLVYDOXHEHLQJILWWHGRQ))0SUHGLFWLRQV$VDUHVXOWZHKDYHlchaPP5HVXOWVDUH
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SUHVHQWHGLQ)LJVDQGIRUZKDWFRQFHUQVZ DQG7KHDJUHHPHQWLVVDWLVIDFWRU\


)LJ'LPHQVLRQOHVVDSSDUHQWIUDFWXUHWRXJKQHVVYHUVXV
GLPHQVLRQOHVVVTXDUHURRWRIWKHQRWFKURRWUDGLXVDFFRUGLQJWR))0
FRQWLQXRXVOLQHH[SHULPHQWDOGDWDUHIHUWRDOXPLQD>@ILOOHG
FLUFOHVWRDVTXHQFKHG$,6,VWHHOWHVWHGLQ>@FLUFOHVDQGLQ
>@VTXDUHV7KHGRWWHGOLQHUHIHUVWRWKHPRGHOSUHVHQWHGLQ>@
)LJ))0IDLOXUHSUHGLFWLRQVRQ300$EOXQWHG9QRWFKHGVDPSOHV
>@UHIHUULQJWRZ WKHRUHWLFDOUHVXOWVDQGH[SHULPHQWDOGDWD


)LJ))0IDLOXUHSUHGLFWLRQVRQ300$EOXQWHG9QRWFKHGVDPSOHV>@UHIHUULQJWRZ WKHRUHWLFDOUHVXOWVDQGH[SHULPHQWDOGDWD

&RQFOXVLRQV

7KHFRXSOHGVWUHVVDQGHQHUJ\FULWHULRQRI))0ZDVDSSOLHGWRLQYHVWLJDWHPRGH,EULWWOHIUDFWXUHRQEOXQW9QRWFKHG
HOHPHQWVLQYROYLQJGLIIHUHQWQRWFKUDGLLDQGGLIIHUHQWPDWHULDOV7KHLPSOHPHQWDWLRQRIWKHH[SUHVVLRQIRUWKH6,)
VWHPPLQJ IURP D URXQG 9QRWFK SURSRVHG LQ >@ DOORZHG WR LPSURYH HVWLPDWH DFFXUDF\ ,QGHHG WKHRUHWLFDO
SUHGLFWLRQV YDU\ VOLJKWO\ IRU RSHQLQJ DQJOHV  Z   GXH WR WKH UHODWLYH VORZ YDULDWLRQ RI WKH SDUDPHWHUV
JRYHUQLQJWKHVWUHVVILHOGDQGWKH6,)IXQFWLRQVRYHUWKLVUDQJH

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